5a/ jo /of 29 ?f 



Europaisches Patentamt 

European Patent Office 0 Publication number: 0 279 623 

Office europeen des brevets A2 



EUROPEAN PATENT APPLICATION 



Application number: 88301266.8 © Int. CI.*: B 01 F 17/00 

Date of filing: 16.02.88 



Priority: 17.02.87 US 15645 



© Designated Contracting States: 
BE DE FR GB IT NL 



Applicant: DOW CORNING CORPORATION 

3901 S. Saginaw Road 

Midland Michigan 48686-0995 (US) 



Midland Michigan (US) 

White, William CurBs 
4409 Bluebird 
Midland Michigan (US) 

i Representative: Lewin, John Harvey et al 
Elklngton and Fife High Hotborn House 52/54 High 



London WC1V6SH (GB) 



I Clear stable micellar solutions comprising: 
(a) asilane represented by the formulae: 

i) X 4 -nSi(RNH a R'bYc)n 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
carbon atoms; 

Y denotes an acid anion ; 

n is 1,2 or 3; 

R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms ; 

R' denotes alkyl radicals with 1 to 22 carbon 
atoms; saturated hydrocarbon radicals contain- 
ing nitrogen, or unsaturated hydrocarbon radi- 
cals containing nitrogen; 

ais0,1or2; 

bis 0,1, 2, or3; 

c is 0 or 1 ; the sum of a + b is 2 or 3 and when 
the sum of a and b is 3, c is 1 , otherwise c Is 0: 

ii) X4-nSi(RPR" 3 Y) n 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
carbon atoms, R denotes a divalent hydrocarbon 



radical with 1 to 6 carbon atoms, R" denotes an 
alkyl radical with 1 to 20 carbon atoms, or a 
phenyl radical, and n Is 1 , 2, or 3; or 
ill) XsSlR" 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
carbon atoms and R" denotes an alkyl radical 
with 1 to 6 carbon atoms or a phenyl radical; and 
(b) a cosurfactant with an HUB of at least 1 . 
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Description 

SILANE MICROEMULSIONS 



soSfonTsteSliiedTa SX^J^ 1 ^^^ miCe " ar SO,Utions ' and c,ear ^staliine 
sou on! «nSSJZn * ombinat ' on of a s,fane ™ d * cosurfactant. These microemulsions and micellar 
solutions are effective delivery systems for the siiane surfactants 

=353^ 

cis„ h e e ^"KsriEis; ,he dimens,ons o,, ~ s - «--sE£- Ess 

s^acei^^ 

In a less viscous form trf^T'^K ^ u p3Ste Waxes are oi| - in - wa ter microemulsions which deliver the wax 
FinH^ff m a l ! IS l 0nS 1 , COr,tainin 2 or 9 an °siloxanes are known in the art. U.S. Patent No 3 294 725 issued to 

as effective emulsiflers foV^rSora " ln c ° m,m *»<*< <»9 a ™ surtaotams 
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U.S. Patent No. 4,620,878 issued to Gee teaches a method for making stable microemuisions of polar radical 
containing polysiloxane oils. Gee teaches using organic emulsifiers in the claimed process. 

U.S. Patent No. 4,631 ,273 issued to Blehm et al. teaches using silanes as emulsifiers for stabilizing standard 
oil-in-water emulsions. The patent does not teach how to make microemuisions. 

The present invention relates to clear compositions comprised of: 

(a) a silane represented by the formulae: 

l)X4-„Si(RNHaR'bY c )n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms ; 

Y denotes an acid anion ; 

nis 1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms: 

R' denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
aisO, 1 or2; 
bis0,1,2,or3; 

c is 0 or 1 ; the sum of a + b is 2 or 3 and when the sum of a + b is 3, c is 1 , otherwise c is 0; 
ii) X4-nSi(RPR" 3 Y) n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
and nis 1,2, or3;or 
ill) XsSiR" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R OT denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; 

(b) a cosurfactant compound which has an HLB factor of at least 1, In sufficient quantity that when 
combined with said silane forms a clear mixture at room temperature which can be diluted with water to 
form a clear micellar solution. 

The invention also relates to micellar solutions, oil-in-water and water-in-oll microemuisions, and liquid 
crystalline solutions made using said clear mixtures. 

The present invention relates to novel clear mixtures comprised of a silane (a), and a cosurfactant (b). 
Optionally, the clear mixtures may further comprise a minor portion of water (c) to form clear and stable 
micellar solutions or liquid crystalline solutions. The clear mixtures of silane and cosurfactant can also be 
diluted with a major portion of water (d) to form cleau\ stable micellar solutions, or they can be mixed with a 
water immiscible oil (e) and then diluted with a minor portion of water to form water-ln-oil microemuisions, or 
diluted with a major portion of water to form clear, stable oil-ln-water microemuisions. 

Silanes which can be used in the present invention are widely varied in structure and Include silanes 
represented by the formulae 

l)X4-nSi(RNHaR'bYc)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion; such as a chloride, bromide, iodide, sulfate, or phosphate with the 
monovalent halide anions being preferred; 

nis1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R' denotes alkyl radicals with 1 to 12 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, such as 

-CH2CH2NH2, 

-CH2CH2NHCH3, or 

-CH 2 CH 2 N(CH 3 )2. 
or unsaturated hydrocarbon radicals containing nitrogen; such as 

-Ch2CH 2 NHCH 2 C8H4CHCH2; 

aisO, 1 or2; 

b.isO, 1,2, or3; 

c is 0 or 1 ; the sum of a + b is 2 or 3 and when the sum of a + b Is 3, c is 1 , otherwise c is 0; 
ii) X 4 .nSi(RPR" 3 Y)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical with 1 to 6 
carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, and n is 1 , 2, or 3 ; 
or 

iil) XaSiR" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carbon atoms and R" denotes an alkyl radical with 1 to 6 carbon 
atoms or a phenyl radical. 
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Specific silanes within the scope of the invention are represented by the formulae: 

(CH 3 0)3Si(CH2)3N + (CH 3 )2Ci8H37C|- 

(CH 3 0)3Si(CH 2 )3N + (CH3)2Ci8H37Br- 
5 (CH 3 0)3Si(CH2)3N + (CioH2i)2CH 3 CI", 

(CH 3 0) 3 Si(CH2)3N + (CioH2i)2CH3 Br", 

(CH 3 0) 3 Si(CH2) 3 N + (CH3)3 CI", 

(CH 3 0) 3 SiCH 3 , 

(CH 3 0) 3 SiCH 2 CH 2 CH 3l 
10 (CH 3 0) 3 SiCH 2 CH 2 CH 2 CH 2 CH 2 CH 3 

(CH 3 0) 3 SiC 6 H 5 

(CH 3 0) 3 SiCH2CH 2 CH 2 P + (C 6 H5) 3 CI", 

(CH 3 ^0) 3 SiCH 2 CH2CH 2 P- , -|C6H5) 3 Br", 

(CH 3 0)3SiCH 2 CH 2 CH2P + (CH 3 )3Ci"- I 
15 (CH 3 0) 3 SiCH 2 CH 2 CH 2 P + (CeHi 3 ) 3 C|-, 

(CH 3 ) 3 Si(CH 2 )3N + (CH 3 ) 2 Ci2H25 CI", 

(CH 3 )3Si(CH 2 )3N + (CioH2i) 2 CH 3 CI", 

(CH 3 ) 3 Si(CH 2 ) 3 N + (CH 3 ) 2 Ci 8 H37 CI", 

(CH 3 0) 3 Si(CH 2 ) 3 N(CH 3 ) 2l 
20 (CH 3 0) 3 Si(CH 2 ) 3 N(CH 2 CH 3 ) 2 , 

(CH 3 0) 3 Si(CH 2 ) 3 N(CH 2 CH 2 CH 3 ) 2 , 

(CH 3 0)3Si(CH 2 ) 4 N(CH 3 ) 2 , 

(CH 3 0) 3 SiCH 2 CH(CH 3 )CH 2 N(CH 3 ) 2 , and 

(CH 3 0) 3 Si(CH 2 )3N(CH 2 ) 2 NHCH 2 C6H4CHCH 2 .HCI. 
25 Special precautions must be taken in the preparation of the above mentioned silanes. Although these 

silanes can be prepared by known methods, or acquired commercially, special care must be taken to remove 

lower alcohols, such as methanol, ethanol, or propanol, before blending the silane with the cosurfactant. Very 

often the silanes are commercially available in methanol based solutions. Failure to remove such alcohols will 

result in the formation of creamy white emulsions which relative to the microemulsions of the present invention 
30 are unstable in that they will form separate oil and water phases with time. For purposes of the present 

invention, it is understood that the formulas above represent the formula of the silanes as starting materials. 

Removing the lower alcohol from the commercial form of the silane may lead to partial hydrolysis of the silane 

when moisture is present. Therefore, it is necessary to strip the methanol from the silane mixture under as dry 

conditions as possible. While it is preferred to remove the methanol as completely as possible, silanes 
35 containing up to 4 weight percent residual methanol can be used successfully to form the clear mixtures of the 

present Invention. 

A wide range of cosurfactants can be used in the present invention in order to produce the clear pourable 
liquids, the clear stable micellar solutions, and the clear stable oil-in-water microemulsions of the present 
invention. Specifically, polyethylene glycol, ethylene glycol, pentanol, glycerine, and a polyoxyethylene glycol 

40 ether of linear alcohols, sold as Tergitol® 15-S-3 by Union Carbide were used successfully to produce the 
desired liquids, solutions and microemulsions. 

Other cosurfactants which can be used in the present invention are those surfactants which may be soluble 
in the water immiscible oil used in the particular emulsion. In general, these cosurfactants have an HLB factor 
of at least 1 and include sorbitan esters of fatty acids with 10 to 22 carbon atoms; polyoxyethylene sorbitol 

45 esters of C10 to C22 fatty acids having up to 95 percent ethylene oxide: polyoxyethylene sorbitol esters of C10 
to C22 fatty acids; polyoxyethylene derivatives of fatty phenols having 6 to 20 carbon atoms and up to 95 
percent ethylene oxide; fatty amino and amide betaines having 10 to 22 carbon atoms, polyoxyethylene 
condensates of C10 to C22 fatty acids or fatty alcohols having up to 95 percent ethylene oxide; ionic 
surfactants such as alkylaryl sulfonates with alky! groups of 6 to 20 carbon atoms; C10 to C20 fatty acid soaps; 

50 C10 to C20 fatty sulfates; C10 to C22 alkyl sulfonates; alkali metal salts of dialkyl sulfosuccinates: C10 to C22 
fatty amine oxides; fatty imidazolines of C6 to C20; fatty amido sulfobetaines having 10 to 22 carbon atoms: 
quaternary surfactants such as the fatty ammonium compounds having 10 to 22 carbon atoms: C10 to C22 
fatty morpholine oxides; alkali metal salts of carboxylated ethoxyiated C10 to C20 alcohols having up to 95 
percent ethylene oxide: ethylene oxide condensates of C10 to C22 fatty acids: and alkoxylated siloxane 

55 surfactants containing ethylene oxide and/or propylene oxide units; and ethylene oxide condensates of C10 to 
C22 fatty acid monoesters of glycerines having up to 95 percent ethylene oxide; and mono- or diethanol 
amides of C10 to C22 fatty acids. Other types of surfactants are known in the art which have an HLB factor 
greater than or equal to about 1 and which could be used in the practice of the invention. Such surfactants are 
described in a number of publications including McCutcheon's Detergents and Emulsifiers/North American 

60 Edition. 1975, MC Publishing Company, Glen Rock, New Jersey. 

The range of weight ratio of silane to cosurfactant within the scope of the present invention varies with the 
particular combination of silane and cosurfactant. However, the range for all combinations is the range within 
which the mixture of the silane and the cosurfactant forms a clear mixture upon thorough mixing. Once a clear 
or translucent mixture of silane and cosurfactant has been obtained, the mixture can be diluted with water to 

65 form a clear water-in-oil micellar solution which can then be further diluted to form a clear oil-ln-water micellar 
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solution. 



Particular combinations of sllane and cosurfactant which fall within tho ar> nna »u 
methyloctadecyl ammonium chloride and 1 

3-(trimethoxysiiyl)propyldimethyloctadecyl ammonium chloride iTw^SE ,L£ ? we, ^P^ s 
glycol ether of linear alcohols sold as Tergitol* T£ fitoT CarSdf 8 ^ ° f " P^ 8 *^ 

For instance 40 weight parts of cyclopolydlmethyisiloxane of the general formula 



CH. 
I 3 
tSi-04 



R 

AfSi-04 B 



It is not Clear to what degree the alkoxy fuhotlonal allanes undergo eatar exchange or hydrolysis In the clear 
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mixtures of the instant invention, but for the following reasons it is believed the silanes remain in a primarily 
monomeric state. Silane surfactants of the present invention which have potential silanol functionality (the 
silanes with alkoxy radicals, for instance) maintain a high degree of silanol functionality in solution despite the 
presence of water in the mixtures which might otherwise be thought to cause hydrolytic condensation of the 

5 silanes. For instance, the miceilar solutions comprised of ethylene glycol, water and 3-(trimethoxysilyl)pro- 
pyldimethyloctadecyl ammonium chloride can be durably bound to substrates to the same degree and with the 
same effectiveness as state of the art methods employing methanol based solutions of silanes diluted in water. 
Thus, the present invention provides a stable, easily formulateable delivery system for silanes. 

While partial hydrolysis of the alkoxy radicals of the silanes does occur in the various forms of the invention, 

10 the silanes do not condense to form high molecular weight polymers which are then unable to substantively 
bond to substrates. Because of this unexpected chemical characteristic, a particularly useful aspect of the 
mixtures, etc. is that they are effective delivery systems for said silanes. When one of the mixtures, etc. is put 
into contact with a substrate, the alkoxy functional silanes condense to form high molecular weight 
substantive-eoatings on the surface" of the substrate. 

15 Thus, the present invention provides a material which effectively delivers a silane to a surface without the 
disadvantage of also delivering significant amounts of toxic and flammable solvent such as methanol. The 
silane delivered to the surface or substrate can alter the physical characteristics of that surface. For instance, 
surfaces can be rendered hydrophobic, hydrophillic, lipophilic, or lipophobic using the mixtures of the present 
invention. 

20 The actual utilities achievable using the present invention include rendering surfaces antimicrobial, 
delivering coupling agents to inorganic substrates, delivering color bodies to substrates, delivering antistatic 
character to fibers, or other substrates, providing corrosion resistant coatings, or delivering nutrients to plants 
or animals. Essentially any utility achievable by coating a substrate with a hydrolyzable silane can be achieved 
using the present invention. 

25 The present invention can also be used to deliver water immiscible oils and fluids to substrates. These oils 
include pesticides, lubricant oils, fluorocarbon oils (which are useful in preventing stains), and oils used in 
cosmetic formulations. 

Specific mixtures which are effective delivery systems for forming antimicrobial coatings are those which 
contain 3-(trimethoxysilyl)propyldimethyloctadecyi ammonium chloride, 3-(triethoxysilyI)propyldimethyloc- 
30 tadecyl ammonium chloride, 3-(trimethoxysilyl)propyldidecylmethyl ammonium chloride, or similar silyl 
compounds. 

The following examples illustrate the present invention without fufly exemplifying the full scope of the 
invention. Comparative examples are presented which demonstrate a number of the critical limits of the 
invention, or which illustrate the utility of the present invention. 

35 

EXAMPLE 1 

This example illustrates the wide variety of cosurfactants which operate in conjunction with a 
3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride to form clear, stable miceilar solutions both 
alone and in further combination with water. 

40 

Part 1A 

A commercially available sample of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride obtained 
from the Dow Corning Corporation as Dow Corning® 5772 Antimicrobial Agent was placed in a beaker with a 
stirring bar, stirred, heated to about 100° C, and the methanol was removed using a vacuum trap. The heating 
45 process boiled away substantially all of the methanol in the Dow Corning® 5772 Antimicrobial Agent product 
(about 2 to 4 weight percent residual methanol remained) leaving a cream colored wax. 

Mixtures comprised of various weight ratios of the cream colored wax and glycerol were made. In order to 
form the glycerol/3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride mixtures, the silane had to 
be heated. Some of the mixtures produced a clear, pourable liquid within the scope of the present invention. 
50 The heated silane/cosurfactant was a clear pourable liquid which made intermixing of the two components 
possible. The characteristics of the mixtures were noted and are reported in Table 1. 



55 
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Wt. si lane /wt. glycerol 
95/5 
90/10 
80/20 
70/30 
60/40 
50/50 
40/60 
30/70 
20/80 
10/90 
5/95 



Observation 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
two phases 
two phases 
liquid crystal 
liquid crystal 



The clear mixtures were examined with a microscope and micelles were observed. The liquid crystals were 
confirmed as such by observing the solutions in polarized light and noting the birefringence or lack thereof 
(solutions containing liquid crystals will display double reflectence, i.e., they will glow when exposed to 
polarized light). The two phase systems were mixtures of miceilar solutions and liquid crystals. 

Mixtures similar to those in part 1 were made except that propylene glycol was used In place of glycerol. The 
observations of the various mixtures are reported In Table 2. 



TABLE 

si lane/wt. propylene glycol 
5/95 
10/90 
20/80 
30/70 
40/60 
50/50 
60/40 
70/30 
80/20 
90/10 



Observation 
translucent white 
translucent white 

clear 

clear 

clear 

clear 

clear 

clear 

clear 
translucent yellow 



The results indicate that the silane/propylene glycol mixture forms clear pourable liquids at certain ratios. 
The translucent mixtures were stili pourable, but were not as stable to freeze-thaw cycling as the clear liquids. 

Part 3A 

The method of Part 1 was repeated except that pentanol was used in place of glycerol. The results are 
reported in Tabie 3. 
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Wt. sil arte /wt. pent anol 
5/95 
10/90 
20/80 
30/70 
40/60 
50/50 
60/40 
70/30 
80/20 
90/10 
95/5 



TABLE 3 



Observation 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 



All mixtures of the silane with pentanol produced micellar solutions. 
Part 4A 

Tablf 4 1 ^ rePeat6d eXCSPt ^ 6thy,ene 9lyCO ' Was used in P' ace ° f 9'ycerol. The results are reported in 



Wt 



TABLE 

silane /yt. ethylene alvcnl 
5/95 



10/90 
20/80 
30/70 
40/60 
50/50 
60/40 
70/30 
80/20 
90/10 



Observation 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 



Part 5A 



0 279 623 



TABLE 5 

silane/wt- Tergitol® 15-S-3 Observation 
5/95 clear 
10/90 solid 
20/80 solid 
30/70 solid 



40/60 



clear 



50/50 clear 
60/40 



clear 



70/30 clear 

80/20 clear & 

90/10 clear 

The clear mixtures were observed to be micellar solutions. This shows that a high HLB factor surfactant 
which is a high molecular weight polymer can be used in combination with a silane surfactant as the emulsrfier . 
in clear micellar solutions. 

^hte^xam ple illustrates the variety of silanes which can be used in conjunction with cosurfactants to form 
clear micellar solutions and clear liquid crystalline solutions. In order to determine whether the various 
mixtures made in the following examples were classic solutions, micellar solutions, liquid crystals or standard 
emulsions two techniques were used. . e 

Samples were examined with a microscope for the presence of micelles. Samples which contained micelles 
and which appeared clear to the eye were labelled microemulslons or micellar solutions. 

More viscous solutions were subjected to polarized light. If birefringence occurred In the sample liquid 
crystals were present. These samples were also observed with a microscope In order to determine whether 
the mixture existed in one or multiple phases. 

Samples were also visually inspected. Cloudy or milky mixtures were determined to be standard emulsions 
(emulsions with particle sizes greater than 0.150 micron in diameter). 

Clear mixtures observed with a microscope to not have micelles present were subjected to elastic light 
scattering particle sizing techniques in order to determine rf very small sized micelles were |^^™« 
procedure was carried out where regions of the phase diagram for a particular system indicated a liquid crystal 
region adjacent to a clear region which did not have microscope visible micelles. 

^Various weight ratio mixtures of N-(2-aminoethyl)-3-aminopropyltrimethoxysilane and propylene glycol were 
made and observed under a microscope. These mixtures were then serially diluted wtth water and observed. 
All of the mixtures and dilutions were clear. No micelles could be observed by light microscope. 

^Various weight ratio mixtures of 3-glycldoxypropyitrimethoxysilane and propylene glycol were made and 
observed with a microscope. The mixtures were then serially diluted and the dilutions were observed with a 
microscope in order to determine whether the solutions were micellar solutions or classic solutions All of the 
mixtures observed were standard emulsions with particle sizes greater than 0.150 micron In diameter. This Is 
an example of a silane surfactant combination which will not form a clear mixture wtthln the scope of the 
present invention. 

Pa Various weight ratio mixtures of 3-(trimethoxysilyl)propyldidecylmethyl ammonium chloride and propylene 
glycol were made. The mixtures were observed using a microscope. Mixtures comprised of 3-(trimetnoxysi- 
lyl)propyJdidecylmethyl ammonium chloride and propylene glycol were translucent micellar solutions. A 
mixture of 81 weight parts 3-(trimethoxysllyl)propyldidecylmethyl ammonium chloride, 9 weight parts 
propylene glycol and 10 weight parts water was a translucent micellar solution. 
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Part 4B 



g .yoo, were mixed in various weight 
solutions or classic solutions. UkmJiiS^XS^^ inapacted to see if they were miceHar 
glycol and in the silane/propylene glycXater mixture Se T ^ n h both ^ m,x ureofthe si'ane and propylene 
can be used with a cosurfactant io form a ctea mfS •T" f " e ^xoys l lylpropyltriphenyl phosphonium iodide 
micellar solution. Clear mixture whlch can be mix «l with water to form a translucent 

Part 5B 

^rsKr^^iZeT^^ *- — - — - 

Table 6 



Weight ratio 

a Y - Observation 

9/1 

liquid crystal 
^ clear with liquid crystals 

clear, low viscosity 
3//7 clear, low viscosity 

1/1 9 clear, low viscosity 



*. A SJS?^ gained micelles or liquid crystaJs. However 

ammonium chloride/propane g^m^ 

within the scope of the present invention P able ° f f ° rm,ns c,ear micellar °r liquid crystalline solutions 
Part 6B 

or IquH crystals. The obsennttions of ,he S^TSSi^S2^*J.^ 



Part 6B 
3-(trin 

TABLE 7 



Weight Ratio 

Silane/Gty co! observation 

9/1 . 

viscous/amber and clear 

7/3 . ■ 

' viscous/amber and clear 

5//5 less viscous/amber and clear 



3/7 
1/9 



clear 
clear 



Part 7B 

Th,s composition is within the scops 0)T1,S JIS^ contained liquid crystals end micelles. 
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EXAMPLE 3 

This example illustrates that the clear mixtures formed in Example 1 are easily diluted to form high and low 
solids content micellar or liquid crystalline solutions which are stable and which can be easily formulated with 
other materials. 

Part 1C 5 

The 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride/propylene glycol mixtures of Example 1 
Part 1 were serially diluted with water and mixed. The resulting solutions were observed with a microscope and 
in the presence of polarized light in order to determine whether the solutions contained micelles, liquid 
crystals, or whether the solutions were present in two phases. The viscosity of the solutions was noted and 10 
based upon the three observations each serially diluted sample was described as either a micellar solution, a 
classic solution, an emulsion, a liquid crystal phase, or a combination thereof. The results are summarized'in 
Figure 1. 

Figure 1 demonstrates that the various weight ratio mixtures of 3-(trimethoxysiiyi)propyldimethyloctadecyl 
ammonium chloride and propylene glycol can be diluted with water to form clear stable micellar solutions with is 
10 weight percent solids (the total weight of the silane and the propylene glycol). This mixture can also be 
diluted with a minor portion of water to form the high solids content clear micellar solutions or high solids 
content clear liquid crystalline solutions. 

Part 2C 

A phase diagram for the system containing 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride 
glycerol and water was generated using the methods of Part 1C. The phase diagram is reproduced in Figure 2, 
and shows that the mixtures of 3-(trimethoxysllyl)propyldimethyloctadecyl ammonium chloride and glycerol 
can be diluted with water to form low solids contents micellar solutions. The phase diagram also shows that 
the mixtures can be diluted with minor portions of water to form clear stable low soBds content micellar 
solutions or liquid crystalline solutions. 

Part 3C 

Mixtures of 3-(trimethoxysilyl)propyldimethyioctadecyl ammonium chloride and a polyoxyethylene glycol 
ether of linear alcohols sold as Tergitol® 15-S-3 by Union Carbide were made in various weight ratios and were 30 
serially diluted with water. The various samples were observed as in part 1 C and a phase diagram for the three 
component system was made, the results of which are reproduced in Figure 3. Figure 3 shows that mixtures of 
3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and Tergitol® 15-S-3 can be diluted to form 
clear, stable micellar solutions with 0 to 5 weight percent solids. The mixtures can also be diluted with minor 
portions of water, between 1 and 25 weight percent, to form clear high solids content micellar solutions or 35 
liquid crystalline solutions. 

Part 4C 

Mixtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride' and pentanol In various weight 
ratios were made, serially diluted with water, and each aliquot was observed per the methods of Part 1C. The 40 
phase diagram is reproduced in Figure 4 and shows that mixtures of 3-(trimethoxysllyl)propyldimethyloctade- 
cyl ammonium chloride and pentanol can be diluted with water to form clear, stable mlceWar solutions with 0 to 
about 10 weight percent solids contents. The mixtures will also form high solids content micellar and liquid 
crystalline solutions. 

Part 5C 48 

Mixtures of 3[2(vinylbenzylamino)ethyfamino]propyltrimethoxysilane and propylene glycol of various weight 
ratios were made and serially diluted with water. The various allquots were observed as in Part 1C. The results 
showed that the various mixtures could be diluted to form clear, stable micellar solutions of 
3[2(vinyl-benzylamino)ethylamino]propyltrlmethoxysilane and propylene glycol with about 10 weight percent SO 
solids, or less. 

Part 6C 

Mixtures of methyltrimethoxysilane and propylene glycol were made in various weight ratios and serially 
diluted with water. The various aliquots were observed as per Part 1 C. The results demonstrated that mixtures a? 
of methyltrimethoxysilane and propylene glycol can be diluted with water to form stable, clear mlceHar 
solutions with solids contents in the 0 to 10 weight percent range. These mixtures can also form high solids 
content micellar solutions or liquid crystalline solutions. 

Part 70 

Mixtures of 3-(trimethoxysilyl)propyIdidecylmethyl ammonium chloride and propylene glycol were made In 
various weight ratios and serially diluted with water. The various aliquots were observed as per Part 1C. The 
results demonstrated that mixtures of 3-(trimethoxysilyl) propyldidecylmethyl ammonium chloride and 
propylene glycol can be diluted with water to form stable, clear micellar solutions with soilds contents in the 0 
to 10 weight percent range. gg 
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Part 8C 



wetahfra^^^^^ Phosphonium iodide and propylene glycol were made in various 

weight ratios and serially diluted with water. The various aliquots were observed as per Part 1C The results 

range ™ solutions with solids contents in the 0 to 10 weight percent 



range. 

EXAMPLE 4 



This example illustrates the ability of the present invention to form oil-in-water microemulsions using hexane 
as the water imm.sc.ble liquid. Various weight ratio mixtures of propylene glycol aSSSC 
SS^2^.ZT ,rtUm T^TT made " These ^ compone* mixtures Sre seSy S uted 
^.ir s a I er .f D d r ! h n t^ uo ? were observ f by the methods of Example 3, Part JC. To each of the resultant 
ney^Pw^'^H^! H 9 ' y t '' a ^ rimet . hox y si| y | )P'-opyldimethyloctadecyl ammonium chloride and water 
hexane was added in order to produce mixtures with 10 weight percent, 30 weight percent 50 weioht nereant 
2^ and » we '9 ht P^cent hexane. Phase diagrams for tha^SST^SSSSSS 
t ha+ c t w T W f 6 made and are re P roduced Figures 5, 6, 7, 8. and 9. The phase diagrams demonstrate 
m 3 ht S? h T ol, - ,n - water and water-in-oil microemulsions can be made using 3-(trimethoV^ 
methyloctadecyl ammonium chloride and propylene glycol as the emulsifier ™« ys .< yiJ pro P yicii 



EXAMPLE 5 



amm^rumTh^n^r."?' T,™ micr ° emu,sions stabi »^d by 3-(trimethoxysilyl)propyldimethyloctadecyl 
teatwTs^L ^r^ T 9,yCO 3 ? e ^ CtiVe delivery Systems for durab ' e antimicrobial surface 
treatments which are functionally equivalent and as effective as state of the art treatments 

3-<trimeS^ emp '° y c ° mmsr ™"V available methanolic solutions of 

»mmon1 ™ ^S^S P ll d,meth yloctadecyl ammonium chloride or 3-(trimethoxysilyl)propyldidecylmeth y i 
ammon urn chloride. These solutions are then diluted with water to 0.5 to 3 weight percent sHane 
concentrations in which substrates are immersed in order to treat such substrates 
JcTZte^L^l? 3;(trimethox yS ilyl)pro P yldimethyloctadecyl ammonium chloride and ethylene 
n£Lt«r f , t0 ST ° t0 5 Weight percent silane were a PP |ied to a variety of fabrics including 

rfSLw ° .f ny w S L mi ar Samp ' es of tne same fabric were treated with a methanol based solution of 
c^^n^rr^^y 0 ^^ ammonium c n'°" -d e fluted with water at the same Sane 
concentrations The surface level treatment as applied to the fabrics was the same in both cases 

in^n, ant, t T ICr0b t ! al and . fUn9iCidal Pr ° perties of the treated fabrics w ere measured b^eS methods For 
Shod Mn ; e T a T' Crab J a aCtMty ° f the treated fabric was tested b V a ^thcd based upon^TSc Tes 
Method 100. The fungicidal act.vity of the treated fabric was tested by a method based on AATCC Test Method 

an^L!?? 6 ^ ° f fab - r,C ' the method e mplo y ing present invention was as effective in creating an 
StoES^S?" *V"JT ° f the art treatment method employing methanol based so Son! of 
3-(tnmethoxys.lyl)propyld.methyloctadecyl ammonium chloride diluted with water so.ui.ons or 

rhfnriri? I ' S *? 8 Ph& ^ f* 9 ™ f ° r mixture s of 3-(trimethoxysilyI)propyldimethyloctadecyl ammonium 
tl^'S^^^T"; Re9i ,° nS labe " ed " A ° denote mixtures thaVformed dear mtoZ 
Reaions ^SSS^S^SIL L"' 0 " 8 Wh6re clear viscous so,utions of *V** petals formed, 

d^m^ C ^ «— « ' ab e»ed regions 

m!^™ 2 >' S the Phase dia 9 ram for mixtures of 3-(trimethoxysilyI)propyldimethyloctadecyl ammonium 
Regions SERIES' ^ miXtUres ^formed dear miceL sZSn" 

Kfed f Sot - ° te 'I 9 ' 0 " 8 Where Clear viscous solutions of «q uid ^stals formed. Regions 
mtxturitSatSn? t H 9 '° + n l Where Standard> Creamy emulsions formed. »D» labelled regions denote 
SSSJSSSS!^ ' com P° ne nts. Regions labelled »E» denote mixtures which separated into 

chrorideVhiah^ f T mlXb il e f ° f 3 -^ m ethoxysilyl) P ro P yldimethyloctadecyl ammonium 

hv Union rarhiH °" lar weisW POlyoxyethylene glycol ether of linear alcohols sold as Tergitoi® 15-S-3 
^SSSSSSd^^S- ,abel,ed ; A " denote mixtures that formed clear micellar solutions, 

labeled "C" denot! rtl 'l 9 ' 0 " 8 ^^e clear viscous solutions of liquid crystals formed. Regions 
mfxSst^ «"* — a *«""■ "°" regions dJnote 

chloride* pentenol^nfJi^T ^ "PS?!" 3 -( trim ethoxysil y l)propyldimethyloctadecyl ammonium 
Regions laoe Z ft? ££2 ^ f^, A den ° te m,Xtures tnat formed c,ear micel,ar ~«««ona. 
labelted ?•? Sot! r? 6 regions where dear viscous solutions of liquid crystals formed. Regions 
mKmf tS denote /eg.ons where standard, creamy emulsions formed. "D" labelled regions denote 

Sure st KX* T *"° C f mponents - R egions 'abelled "E" separated into three components 
ta< EST!mmo?. P If J 39 ' 3 "" f ° r m ' XtUreS ° f Various wei 9 hts of 3-(trimethoxysilyl)propyldimethyloc- 
hexane ?S3^^/? Py ? n * ?l yCOl> ^ Wat6r With 10 wei 9 ht P ercent ° f the^mmisoible liquid, 
hexane. Regions labelled A denote m.xtures that formed clear micellar solutions. Regions labelled "B" 
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denote regions where clear viscous solutions of liquid crystals formed. Regions labelled "C" denote 
regions where standard, creamy emulsions formed. "D" labelled regions denote mixtures that separated 
into two components. 

Figure 6 is the phase diagram for mixtures of various weights of 3-(trimethoxysllyt)propyldimethyloc- 
tadecyl ammonium chloride, propylene glycol, and water with 30 weight percent of the water immiscible 5 
liquid, hexane. Figure 7 is the same mixtures with 50 weight percent hexane. 

Figure 8 is with 70 weight percent hexane and Figure 9 Is with 90 weight percent hexane. Regions 
labelled "A" denote mixtures that formed clear micellar solutions. Regions labelled "B" denote regions 
where clear viscous solutions of liquid crystals formed. Regions labelled "C" denote regions where 
standard, creamy emulsions formed. "D" labelled regions denote mixtures that separated into two 10 
components. Regions labelled *E" separated into three components. 



1. A clear composition which is a microemulsion, micellar solution, or a liquid crystal containing 
solution, the composition comprising: 

(a) a silane represented by the formulae 
I) X4- n Si(RNH a R'bY c )n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion; 

nis1,2or3: 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R' denotes alkyl radicals with 1 to 22 carbon atoms, saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 

aisO, 1or2; ''; 
bis0,1,2,or3: 

cis0or1;thesumofa + b Is 2 or 3 and when the sum of a + b is 3. c is 1, otherwise c Is 0; 

ii) X4-nSi(RPR"3Y) n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
and n is 1,2, or3;or 

iii) XaSiR" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R" denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; and 

(b) a cosurfactant compound which has an HLB factor of at least 1 , and which combined with said 
silane forms a clear mixture at room temperature when mixed with water. 

2. The composition of claim 1 further comprising 

(c) sufficient water to form, when combined and thoroughly mixed with said silane and said 
cosurfactant, a clear mixture. 

3. The composition of claim 1 where the silane is chosen from the group consisting of 

(CH 3 0)3Si(CH 2 )3N + (CH3)2Ci8H37C|-, 
(CH 3 0)3Si(CH 2 )3N + (CH 3 )2Ci8H37Br-, 
(CH 3 0)3Si(CH 2 )3N + (CioH2i)2CH3 CI", 
(CH 3 0)3SI(CH2) 3 N + (CioH2i)2CH3 Br", and 
(CH 3 0) 3 Si (CH 2 ) sN + (CH 3 ) 3 CI ~ . 

4. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0) 3 SiCH3, 
(CH 3 0)3SiCH 2 CH2CH3, 
(CH30) 3 SiCH2CH2CH2CH2CH2CH 3l and 
(CH 3 0) 3 SICeH5. 

5. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0)3SiCH2CH 2 CH2P + (CeHsteCr , 
(CH30)3SiCH2CH 2 CH2P + (C8H 5 )3Br- , 
(CH 3 0)3SiCH 2 CH 2 CH2P + (CH3)3CI-,and 
(CH 3 0)3SiCH2CH 2 CH 2 P + (CeHi 3 )3C|-. 

6. The composition of claim 1 wherein said silane is chosen form the group consisting of 
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(CH 3 ) 3 Si(CH 2 ) 3 N + (CH 3 ) 2 Ci 2 H 25 CI- , 

(CH 3 )3Si(CH 2 )3N+(CioH 21 ) 2 CH 3 CI-,and 

(CH 3 ) 3 Si(CH 2 ) 3 N+(CH 3 ) 2 Ci 8 H 37 C|-. 

7. The composition of claim 1 wherein said silane is 

(CH 3 0) 3 Si(CH 2 ) 3 NH{CH 2 ) 2 NHCH 2 CeH 4 CHCH 2 .HCI 

8. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0) 3 Si(CH 2 ) 3 N(CH 3 ) 2l 
(CH 3 0) 3 Si(CH 2 ) 3 N(CH 2 CH 3 ) 2 , 
(CH 3 0) 3 Si(CH 2 ) 3 N(CH 2 CH 2 CH 3 ) 2l 
(CH 3 0) 3 Si(CH 2 ) 4 N(CH 3 ) 2 , and 
(CH 3 Q) 3 SiCH 2 CH(CH 3 )CH 2 N(CH 3 ) 2 . _ 



~»«---» w« ier ro Torm a clear water-in-oil type micellar solution. ' 

ammolVSo ri r^ 

by weight, and (b, is present l5orTl ^^o^S^oy we%hf 9 " W IS PreS6nt fr ° m 1 t0 " partS 
™m^^^^ 

weight, and (b) is present from 1 to 99 parts Dy we^ht (a) " present from 1 to 99 parts by 

and (b) is present from 1 tc ,99 pSs by wSt ^ ^ ' S PrSSent fr ° m 1 10 99 parts *» w ^ 

amlnolVch^de^ 

weight, and (b) is p^^^S^^^^ i&) ' S PrSSent fr ° m 1 to 99 P arts b V 

parts by weight and (b, is present 9 ' yCo1 and « is present from 1 to 99 
ammo T niumtNo^^ 

and (b) is present from 1 tL 99 parts by wJgSt ' ^ ^ ' S Pr6Sent fr ° m 1 10 99 parts ** weight, 
chS^ 

and (b) is presentfrom 1 toll Mparts i by weight 9Y W " Pr6Sent fr ° m 1 to 99 parts * wei 9 ht - 
cnfori^a^ 

(b) is presentfrom 1 to ^^by*^ ^ W ' S presentfrom 1 to 99 P«t» by weight, and 
cht^aS 

present from 1 to 99 parts by weight ' P r ° m 1 10 99 parts by wei 9 ht - and < b ) is 

weight, and (b) is presentfrom 1 to 99 parts tS££St W Pr6Sent fr0m 1 t0 90 partS by 

presentfrom 1 to 99 parts by weight present from 1 to 99 parts by weight, and (b) is 

22. A ctear stable oil-in-water microemulsion comprising 
(a) a silane represented by the formulae- 
I) X4-nSi(RNH a R'bY c )n 

Y denotes an acid anion; 
nis1,2or3: 

w 6 ^* a ^alent hydrocarbon radical with 1 to 6 carbon atoms: 
bisO, 1,2, or 3; 

n)xl*s°^ 

where X denotes an aikoxy radica. with 1 to 6 carbon atoms, or an al k oxya. k oxy radical with 2 to 8 
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carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
andnis1,2, or3:or 
iii) XaSiR'" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R OT denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical ; 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear mixture at room temperature when mixed with water; 

(c) sufficient water to form a clear oil-in-water microemulsion with a mixture of (a) and (b), and a 
water immiscible oil; and 

(d) sufficient water immiscible oil to form a clear stable oil-in-water microemulsion when combined 
with (a), (b) and (c). 

23. A clear stable water-in-oil microemulsion comprising 

(a) a silane represented by the formulae: 
!) X4-nSi(RNHaR'bYc) n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion ; 

nis1.2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R" denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
ais0,1 or 2; 
bisO, 1,2, or 3; 

c Is 0 or 1 ; the sum of a + b is 2 or 3, and when the sum of a 4- b is 3, c is 1 , otherwise c is 0; 

ii) X4-nSi(RPR" 3 Y) n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyi radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl , radical, 
and n is 1,2, or3; or 

iii) X 3 SiR w 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R OT denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear mixture at room temperature when mixed with water; 

(c) sufficient water to form a clear water-in-oil microemulsion with a mixture of (a) and (b), and a 
water immiscible oil, 

(d) sufficient water immiscible oil to form a clear stable water-in-oil microemulsion when combined 
with (a), (b) and (c). 

24. A clear stable liquid crystalline solution comprising 

(a) a silane represented by the formulae: 

I) X4-nSi(RNH a R'bYc)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion ; 

n is 1,2 or 3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R' denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
aisO, 1 or2; 
bis 0,1,2, or3; 

c is 0 or 1; the sum of a + bls2or3, and when the sum of a + bis 3, c Is 1, otherwise c is 0; 

ii) X4-nSi(RPR" 3 Y) n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms. R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
and n is 1,2,or3;or 

iii) X 3 SiR'" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R" denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical ; 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear liquid crystalline solution at room temperature when mtxed with water; 

(c) sufficient water to form a clear liquid crystalline solution with a mixture of (a) and (b) . 
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